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Telocytes in rat lungs: an essential pool of cells or not?
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Abstract: Background: The histology of the lung includes a variety of cell types. Fibrosis is a universal
process, occurring in the skin, intestine, heart, muscles, kidney, blood vessels, liver, and also the lungs.
Telocytes are a type of cells with a wide range of properties, which were previously described in healthy
and disease-affected organs of human and animal organisms.

Aim: This study aimed to identify telocytes in the lungs of rats and discuss their possible role in the
development of pulmonary fibrosis.

Methods: Tissue samples were taken from a group of ten male Wistar rats. Further histological and
immunohistochemical analysis was performed. Double immunolabeling for c-kit, vimentin, CD34, and
PDGFRa has revealed telocytes in the lungs.

Results: In all tissue samples, telocytes have been identified (in the area of interalveolar septa, close to
blood vessels, and between the airway epithelium).

Conclusion: Telocytes might be directly and indirectly (through contact with stem cells, secretomes,
and reduction in number) involved in the development of pulmonary fibrosis. The heterogeneity of the
telocyte population in different pathologies and their subtypes, as well as their tendency to be common
stress their important role in pathological physiology.

Key words: lungs, telocytes, fibrosis, rat, CD34.

Submitted: 05-Mar-2021; Accepted in the final form: 25-May-2021; Published: 30-Jul-2021.



54 Anna Gil, Veronika Aleksandrovych

Introduction

The respiratory system is always requires detailed monitoring of all its parameters, not
only in a pandemic. The importance of breathing for life is clear. The heterogeneity of
cellular populations in the respiratory system makes possible the maintenance of local
homeostasis. The histological architecture of the lung has been precisely described by
Schraufnagel in 1990 [1]. The pool of cells in our respiratory tract includes basal cells,
club cells (Clara cells), goblet cells, NE cells, ciliated cells, ionocyctes, tuft (brush) cells,
myoepithelial cells, acinar cells (mucous and serous), alveolar epithelial cells type 1 and
type 2, stem cells, smooth muscle cells, myofibroblasts, peribronchial fibroblasts, peri-
cytes, lipofibroblasts, and immune cells (dendritic cells, T- and B-lymphocytes, alveolar
residence macrophages, interstitial macrophages, basophils and eosinophils) [2].
Furthermore, some of the aforementioned cells have their own subtypes and functions
which are important for lung plasticity and health. Evren et al. demonstrated the
heterogeneity of murine lung macrophages last year [3].

One more population of cells - telocytes (TCs) — seems to be involved in lung
histogenesis. They have been detected in the primitive embryonic lung by day 18 of
gestation in rabbits [4]. In 2011, Popescu et al. observed tissue specimens from human
and murine lungs with a further selection of five different locations of telocytes [5]
and described telocyte prevalence in the interstitial space of an intralobular bronch-
iole, in the terminal and respiratory bronchioles, and in alveolar ducts [6, 7]. The
morphology of TCs has been described in many articles with respect to their identi-
fication and functions [8-11]. The detailed observation of its function and contacts
makes sense in the context of pulmonary fibrosis development, immunosurveillance,
or angiogenesis. It also gives rise to the presumption that lung telocytes may play an
essential role in normal and pathological physiology as “connecting cells” [12]. Due to
homo- and heterocellular contacts, TCs have been discussed by researchers as a med-
iator of intracellular communication and regulation [7]. The current study aimed to
observe telocytes in rat lungs, as well as describe their location and contacts, with
a possible explanation of their role. The study is a pilot study that will lead to further
research of lung fibrosis development.

Material and Methods
Animals

Ten male Wistar rats weighing 325 + 12 g (Jagiellonian University Medical College
Animal Laboratory, Krakow, Poland) were included in the experiment. Upon arrival,
the animals were housed for a week under controlled conditions — 12 h light/12 h dark
cycle and temperature of 22 + 2°C. Transparent cages were placed adjacent to each
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other to provide sight, acoustic, and odor contact. All cages contained suitable bed-
ding materials and environmental enrichment. Animals were fed with standard dry
chow: protein 25%, fat 8%, carbohydrates 67%, metabolizable energy 2.86 kcal/g
(Labofeed B, Kcynia, Poland). Tap water was always available ad libitum.

Ethical approval

The study was conducted in accordance with the moral, ethical, regulatory, and
scientific principles governing clinical research. All samples were retrieved with the
approval of the Jagiellonian University Bioethical Committee using procedures that
conformed to the guidelines of the Declaration of Helsinki (protocol number — 367/
2020).

Morphological analysis of the respiratory system
Tissue processing

Immediately after euthanasia, tissue fragments from rat lungs were collected. Fresh
tissue specimens were rinsed thoroughly with PBS (phosphate-buffered saline, 0.01 M,
pH = 7.4), fixed with 9% phosphate-buffered paraformaldehyde, routinely processed
and embedded in paraffin (FFPE). Solidified paraffin blocks were cut into 3-5 micro-
meters thick sections and placed on slides with increased adhesion (Super Frost Plus).

Routine histology

The sections were deparaffinized, rehydrated, and stained with either hematoxylin—
eosin (H&E) to evaluate the gross tissue organization or Masson’s trichrome staining
to detect collagen deposits.

Immunofluorescence

After deparaffinization and rehydration, the slides were incubated for 30 min in PBS
with appropriate normal serum at room temperature, followed by overnight incuba-
tion at 4°C in a solution of PBS with appropriate normal serum containing a mixture
of primary antibodies. After 5 washes (10 min each) in PBS, the specimens were then
incubated for 1 h at room temperature with a mixture of secondary antibodies diluted
in PBS. Indirect double immunofluorescence for identification of telocytes in sections
were performed with polyclonal rabbit anti-c-kit (1:100; code: A4502, Dako); mono-
clonal mouse anti-CD34 (1:100; code: M7165, Dako); polyclonal goat anti-PDGFR
alpha (1;100; code: AF-307-NA, R&D Systems); monoclonal mouse anti-tryptase
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(1:100; code: M7052, Dako); monoclonal mouse vimentin (1:50; code: Clone V9,
Dako), monoclonal rabbit anti-CD34 (1:200; code: ab81289, Abcam). Secondary anti-
bodies included goat anti-mouse Alexa 488-conjugated antibody (1:400; code: 115-
545-146, Jackson ImmunoResearch), goat anti-rabbit Alexa 594-conjugated antibody
(1:400; code: 111-585-144, Jackson ImmunoResearch), and donkey anti-goat Alexa
594-conjugated antibody (1:400; code: 705-585-003, Jackson ImmunoResearch). Ne-
gative controls were performed with omission of the primary antibodies. Finally, the
slides were washed in two changes (10 min each) of PBS and cover-slipped with
fluorescence mounting medium (Dako, Denmark) and covered glasses Menzel-Glaser.
DAPI was performer for nuclei staining. Labeled specimens were analyzed immedi-
ately.

Microscopic examination of telocytes

Slides were examined using an MNS8OOFL epifluorescence microscope (OptaTech,
Warsaw, Poland) equipped with an Olympus DP74 digital camera. Digital images were
collected at either 200x or 400x magnification. The qualitative analysis of cells was
performed in 10 consecutive high-power fields (400x) using the computer-based image
analysis system software Multiscan 18.03 (CSS, Warsaw, Poland). All samples were
assessed by two independent specialists (each blinded to the other) without any know-
ledge of the clinical parameters or other prognostic factors to avoid bias. The use of
mast cell tryptase staining enabled c-kit-positive mast cells to be distinguished from
c-kit-positive TCs. TCs were considered cells that were c-kit-positive and tryptase-
negative concurrently with characteristic morphology in tissue samples. Additionally,
cells that were double positive for CD34 and PDGFRa with characteristic morphology
and localization were also recognized as TCs. Double immunopositive cells for c-kit
and vimentin as well as for CD34 and vimentin with typical morphology are also
recognized as TCs. In all sections, the immunoreactive cells were evaluated with respect
to the relative frequency (arbitrarily graded as very few = (+), few = +, moderate
density = + +, high density = + + +).

Results
Morphological analysis of tissue samples

The cross-sections of rat lungs were grossly characterized by the prevalence of type I
and type II pneumocytes as well as macrophages. We have noted neither signs of
inflammatory reaction nor the presence of pathological conditions (Fig. 1).



Telocytes in rat lungs: an essential pool of cells or not? 57

Fig. 1. Hematoxylin-eosin- and Masson’s trichrome-stained cross-sections of rat lungs. After Masson’s
trichrome staining, collagen deposits were blue in color whereas muscle fibers were red in color. Total
magnification: 100x and 200x.

Immunohistochemistry

In our study, lung telocytes were observed mainly in the area of the interalveolar septa,
in the interstitial space between the airway epithelium, and close to blood vessels
of medium and large diameter. Their prolongations (telopodes) make lines across
the epithelium, sometimes make a bundle, or cross under different angles. Telocyte
were present in all rat lungs samples. We used three combinations of markers for the
identification of cells (vimentin/c-kit; CD34/PDGFRa and vimentin/CD34) (Fig. 2-6).
Also, depending on the area, telocytes in the lungs have low to moderate densities
(from one to two pluses).
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Fig. 2. Lung tissue sample stained for vimentin (green, Alexa Fluor 488) and c-kit (red, Alexa Fluor 594).
Lung telocytes, which were double-positive for both markers, had oval-shaped bodies and long cellular
lengths and were located close to blood vessels (indicated by arrow). Total magnification: 400x.

Fig. 3. Lung tissue sample stained for c-kit (red, Alexa Fluor 594). Lung telocytes, which were
immunopositive for this markers, were located close to blood vessels and within interstitium. Total
magnification: 400x.
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Iryptase

Fig. 4. Lung tissue sample stained for tryptase (green, Alexa Fluor 488) and c-kit (red, Alexa Fluor 594),
DAPI nuclear stain. Total magnification: 600x.

Fig. 5. Tissue sample from rat lung stained for vimentin (green, Alexa Fluor 488) and CD34 (red, Alexa
Fluor 594). Telocytes, which were double-positive for both markers, had oval-shaped bodies and long
cellular lengths and were located close to blood vessels. Total magnification: 400x.
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Fig. 6. Tissue sample from rat lung stained for CD34 (green, Alexa Fluor 488) and PDGFRa (red, Alexa
Fluor 594). Telocytes were double-positive for both markers. Total magnification: 400x.

Discussion

Breathing is a vital function in all organisms using lungs for gaseous exchange. The
development of pulmonary fibrosis is a major clinical problem, not only during
a pandemic. Generally, fibrosis as a process is a universal mechanism of tissue re-
modeling occuring in all organ systems, and is always characterized by the production
of extracellular matrix (ECM). This is a key factor influencing the development of
fibrosis. Telocytes have been discussed in some diseases characterized by fibrotic
changes. In myocardial infarction, they inhibit microvascular endothelial cell apop-
tosis [13] and also have been involved in the regeneration of damaged myocardium
[14]. In Crohn’s disease, TCs disappeared in tissue samples affected by pathological
processes, while having been preserved in the control group [15]. Authors suggested
that the loss of these cells correlates with disease and leads to intestinal dysmotility
[16]. However, the importance of a decrease in the number of telocytes is still a matter
of debate. On one hand, they are characterized by high sensitivity to hypoxia and
probably the development of local inflammation leads to telocyte damage through
angiogenesis and imbalance in pro- and anti-angiogenetic factors. On the another
hand, homo- and heterocellular contacts of telocytes, their secretory function, immu-
nopositivity for growth factors receptors as well as their role in the three-dimensional
network of tissue organization allow us to predict that a decline in and disappearance
of telocytes reflects disturbances in intracellular signaling and leads to the develop-
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ment of fibrosis as a result. For example, we have the same tendency in the develop-
ment of hydronephrosis [17] and uterine fibroid formation [18, 19]. We underline
that due to multiple contacts with smooth muscle cells and nerves, as well as their
electrophysiological activity and secretion, TCs could be a part of the motility regula-
tion system in the ureters, the intestine, the heart, myocardium, etc. Its damage or
decrease in number activates tissue repairing mechanisms. In tissue samples from
patients with psoriatic lesions, TCs have degenerative features (apoptosis, membrane
disintegration, cytoplasm fragmentation, and nuclear extrusion) [20].

We also know that lungs have non-respiratory functions: they can convert an
inactive chemical precursor into active forms (for instance, angiotensin); have been
involved in inactivating vasoactive chemical mediators (bradykinin, serotonin, and
norepinephrine); neuroendocrine cells in the mucosa produce catecholamine and
polypeptide hormones (calcitonin, serotonin, gastrin-releasing factor — bombesin);
and the lung epithelium acts as the first line of defense for inspired air [21-23].
Telocytes are also involved in the secretion of bioactive substances and have a positive
effect on growth factor receptors. In addition, they often were located close to blood
vessels and nerves, which allows us to predict their role in neuroendocrinology and
local homeostasis [24-26]. Stem cells in the lungs are clinically relevant in the context
of aging, regeneration, or protection from carcinogenesis [27]. Telocytes make con-
tacts with stem cells in different organs [6, 8]. The common tendency in stem cells and
telocytes was the reduction in the number of both types of cells in pathological states.
We also cannot omit the importance of TCs in the pathogenesis of diseases, and not
only in the lungs. Their multifunctional properties participate extensively in local
tissue homeostasis. Damage of such links and interactions leads to inflammation
and the development of fibrosis [28, 29].

In conclusion, we want to stress that lung telocytes can be considered an essential
population of cells, required for the normal physiology of the respiratory system. They
have been identified in rat lungs and can be used as an “instrument” for evaluation in
further experiments on pulmonary pathology in animal models. We hypothesize that
development of fibrosis might be the most important implication of telocyte defi-
ciency in the lungs.
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